Sério, mas irônico, além de sempre ajudar quando eu necessitava. A study was conducted to determine the epidemiological status of bovine tuberculosis in the state of Rio Grande do Sul. The state was divided in seven regions, and in each of them, a pre-established number of farms was randomly sampled. In each farm, cows with age equal to or greater than 24 months were selected at random and submitted to the comparative cervical tuberculin test. The animals whose tests were inconclusive were retested with the same diagnostic procedure within a minimum interval of 60 days. In all, 9,895 animals from 1,067 farms were tested. An epidemiological questionnaire was applied in the farms in order to identify risk factors associated with bovine tuberculosis. The prevalence of infected herds in the state was 2.8% [1.8; 4.0] and that of infected animals was 0.7% [0.4; 1.0]. There was a trend towards a concentration of infected herds in the northern part of the state, with a predominance of dairy and mixed herds. The risk factors associated with the condition of infected herds were being a dairy herd (OR = 2.90 [1.40; 6.13]) and herds with 16 or more cows (OR = 2.61 [1.20; 5.49] ). Thus, the best strategy to be adopted by the state is the implementation of surveillance systems to detect and remediate the infected herds, preferably incorporating elements of risk-based surveillance. In addition, the state must carry out a solid action of health education so that the producers test animals for bovine tuberculosis before introducing them in their herds. Human tuberculosis caused by Mycobacterium bovis is associated with occupational exposure, inhalation of aerosols, and contact with carcases. The incidence varies regionally, depending mainly on the prevalence of infected herds and on the application of preventive measures (COSIVI et al., 1998; MODA et al., 1996) . As it is a zoonosis that also represents significant economic losses to the bovine livestock sector, in 2001, the Ministry of Agriculture, Livestock, and Supply instituted the National Program for the Control and Eradication of Brucellosis and Animal Tuberculosis -PNCEBT (LAGE et al., 2006) . As the name indicates, the program aims at eradicating these diseases. However, the epidemiological status of tuberculosis in the country is not adequately characterized.
In Brazil, sparse data of condemnation at slaughterhouses from 1989 to 1998 pointed to a national prevalence of bovine tuberculosis of 1.3% (LAGE, 2006) .
Studies on bovine tuberculosis conducted in 12
Federal Units, which hold 75% of the Brazilian herd, showed a prevalence of infected herds between 0.36%, in the Federal District and 9.0%, in São Paulo (ANZAI et al., 2016; BAHIENSE et al., 2016; BELCHIOR et al., 2016; DIAS et al., 2016; GUEDES et al.; 2016; LIMA et al., 2016; NÉSPOLI et al., 2016; RIBEIRO et al. 2016 , ROCHA et al., 2016 SILVA et al., 2016; VELOSO et al., 2016; VENDRAME et al., 2016) .
Rio Grande do Sul (RS) is the most southern state of Brazil and has environmental and cultural features that distinguish it from the rest of the country in many aspects of the production of livestock: it does not have vast territory for cattle breeding and has severe winters with consequent specificities regarding the production of fodder. Cattle breeding began in RS in the beginning of the occupation of the territory and played an important role in the formation of the "gaúcha" society. Thus, due to the scarcity of epidemiological data, which characterizes well bovine tuberculosis throughout the territory of Rio Grande do Sul, the objective of this study was to estimate the prevalence of infected herds and infected animals and also to identify the risk factors for the disease, in order to accurately structure the fight against tuberculosis in the state.
MATERIAL AND METHODS
The planning of the study was carried out in collaboration with the Ministry of To check for possible regional differences, both in the prevalence of tuberculosis and in the risk factors involved, the state was divided in seven regions with homogeneous characteristics. For this characterization, we took into consideration the different production systems, management practices, purposes of farming, average size of herds, and marketing system, as well as the operational capacity and logistics of the official veterinary service of the state to conduct field activities, as described by Marvulo et al. (2009) .
A two-stage sampling was performed to estimate the prevalence of infected herds and infected animals in the regions and in the state. In the first stage, within each region, a pre-established number of farms with reproductive activity was randomly selected from the farm registry of SEAPA-RS. In the second stage, within each farm, a pre-established amount of reproductive cows with age equal to or greater than 24 months was randomly selected. In farms where there were distinct herds, only the predominant one, the one with the greatest economic value or considered as the main objective of production, was the target of study. This herd was defined as a group of animals kept under the same management practices, i.e. exposed to equal risk factors. The selected farms that could not be sampled for some reason were replaced by means of a new drawing. The number of selected farms per region was estimated by the formula for simple random sampling (THRUSFIELD, 2007) , according to the following parameters: estimated prevalence of 20%, 95% confidence level, and error of 10%.
For the drawing of animals within each farm, the number of bovines to be examined in order to classify the farm as focus of tuberculosis or free of disease was calculated, considering an aggregate sensitivity equal to or greater than 85% and aggregate specificity equal to or greater than 95%. The individual values of sensitivity and specificity adopted were 80% and 99.5%, respectively. The calculations were performed with the help of Herdacc version 3.0 software.
In a farm with up to 99 breeding cows with age equal to or greater than 24 months, 20 were examined; in farms with 100 or more, 40 were examined. Animals were always randomly selected, and those that were in the period comprised between day 15 before and day 15 after delivery were replaced in the sample.
The animals of the sample were submitted to the comparative cervical tuberculin test, conducted in accordance with the Technical Manual of the National Program for the Control and Eradication of Brucellosis and Tuberculosis (LAGE et al., 2006) . To avoid dubious test results at the end of the study, the animals whose tests were inconclusive were retested with the same diagnostic procedure within a minimum interval of 60 days. All the animals testing positive were euthanized.
For farms with up to 20 tested animals, one reactive animal was enough to classify it as a tuberculosis-infected herd. For those where 40 animals were tested, at least two reactive animals were necessary to classify the herd as infected.
For each region and also for the entire state, the prevalence of herds and animals infected with bovine tuberculosis were obtained. The prevalence of infected herds within each region was also stratified by type of farming. The calculations of apparent prevalence and respective confidence intervals were performed as recommended by Dean et al. (1994) . The calculations of prevalence of infected herds and infected animals in the state and prevalence of animals within the regions were made in a weighted form (DOHOO et al., 2003) . The weight of each farm in calculating the prevalence of infected herds in the state was given by In all the farms selected for the study, a questionnaire was also applied to individualize the risk factors associated to the condition of an infected herd. The questionnaire was formulated to check the existence of exposure to classic risk factors, already described in the literature (MARANGON et al., 1998; RAMÍREZ-VILLAESCUSA et al., 2010; SKUCE et al., 2012) , and others of particular regional interest. The questions addressed the following variables: type of farm (beef, dairy, or The variables were organized to be displayed on an increasing risk scale. When necessary, reclassification of the variables was carried out. The category presenting lower risk was considered as a basis for comparison with the remaining categories.
The quantitative variables were reclassified in percentiles. A first exploratory data analysis was performed (univariate analysis) to select the ones with p≤ 0.20 with the χ 2 test or with the Fisher's exact test and, subsequently, subjected to logistic regression (HOSMER; LAMESHOW, 1989). The calculations were performed with the software R Core Team (2015) . All the information generated by field and laboratory work was inserted in a specific database and used in epidemiological analyses. Figure 1 shows the seven regions in which the state of Rio Grande do Sul was divided in this study, and Table 1 presents the summary of the census data and the sample studied. The prevalence of infected herds per region is presented in Table 2 and the prevalence of infected herds per type of farming is shown in Table 3 . The prevalence in animals per region is shown in Table 4 . Table 5 displays the results of the univariate analysis, and Table 6 shows the final model of logistic regression for the risk factors in the state. Table 5 displays the results of the univariate analysis, and Table 6 the final logistic regression model for the risk factors in the state. (ANZAI et al., 2016; BAHIENSE et al., 2016; BELCHIOR et al., 2016; DIAS et al., 2016; GUEDES et al.; 2016; LIMA et al., 2016; NÉSPOLI et al., 2016; RIBEIRO et al., 2016; ROCHA et al., 2016; SILVA et al., 2016; VELOSO et al., 2016; VENDRAME et al., 2016) . Although in Rio Grande do Sul differences were observed only between the regions with higher and lower prevalence of infected herds (Table 2) , the values indicate a higher concentration of infected herds in regions 4, 5, and 6, located in the north of the state, in which dairy and mixed farms dominate (Tables 2 and 3 ).
The prevalence of animals positive to the tuberculin test in the state was estimated to be 0.7% [0.4; 1.0], ranging from 0.02% to 1.4% (Table 4) . Although heterogeneities were detected among regions, these results follow the prevalence of infected herds, allowing the same interpretation. Table 6 shows that the risk factors for bovine tuberculosis in Rio Grande do Sul were being a dairy herd and having 16 or more cows in the herd.
Dairy herds are more vulnerable to tuberculosis because milk production requires the agglomeration of animals during milking, increasing the risk of transmission (BARLOW et al., 1997) , since it raises the population density and, consequently, the probability of infectious contacts (ALVAREZ et al., 2012; HUMBLET et al, 2010) . Dairy herds also presented higher risk for tuberculosis in New Zealand (PORPHYRE et al., 2008) , United Kingdom (KAROLEMEAS et al., 2011; RAMÍREZ-VILLAESCUSA et al., 2010), and Brazil (ANZAI et al., 2016; BAHIENSE et al., 2016; BELCHIOR et al., 2016; DIAS et al., 2016; ROCHA et al., 2016; SILVA et al., 2016; VELOSO et al., 2016) . In addition, animals from dairy herds tend to be older than animals from beef herds, having a higher probability of being exposed to the infectious agent (HUMBLET et al., 2009 ).
The fact that farms with high number of animals presented a higher probability of being infected with bovine tuberculosis was also verified in the Republic of Ireland (CLEGG et al., 2012; GRIFFIN et al., 1996 ), United Kingdom (BESSELL et al., 2012 RAMÍREZ-VILLAESCUSA et al., 2010; REILLY; COURTENAY, 2007) , New Zealand (PORPHYRE et al., 2008), and Brazil (ANZAI et al., 2016; BAHIENSE et al., 2016; DIAS et al., 2016; SILVA et al., 2016; VELOSO et al., 2016) . Larger flocks have a higher replacement rate, thus increasing the risk of introduction of infected animals.
The purchase of animals, in particular from risk farms, has paramount importance in the transmission of bovine tuberculosis (BESSELL et al., 2012; OLOYA et al., 2007; RAMÍREZ-VILLAESCUSA et al., 2010; REILLY; COURTENAY, 2007; SKUCE et al., 2012; TSCHOPP et al., 2009 ). Thus, it is plausible to assume that this variable indicates that the purchase of animals, naturally without prior testing, implies a magnification of the risk of introduction of bovine tuberculosis in a farm.
CONCLUSION
The state of Rio Grande do Sul has a low prevalence of bovine tuberculosis and the best strategy to adopt is the implementation of a surveillance system to detect and sanitise focus of infection, preferably incorporating elements of risk-based surveillance. In addition, the state must carry out a solid action of health education so that producers test animals for bovine tuberculosis before introducing them into their herds.
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